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Abstract
Background/Aim. Reperfusion of previously ischemic tis-
sue leads to injuries mediated by reactive oxygen species. The
aim of the study was to investigate the effects of different an-
esthesia techniques on oxidative stress caused by tourniquet-
induced ischemia-reperfusion (IR) injury during extremity
operations at children’s age. Methods. The study included 45
patients American Society of Anesthesiologists (ASA) classi-
fication I or II, 8 to 17 years of age, undergoing orthopedic
procedures that required bloodless limb surgery. The children
were randomized into three groups of 15 patients each: gen-
eral inhalational anesthesia with sevoflurane (group S), total
intravenous anesthesia with propofol (group T) and regional
anesthesia (group R). Venous blood samples were obtained at
four time points: before peripheral nerve block and induction
of general anesthesia (baseline), 1 min before tourniquet re-
lease (BTR), 5 and 20 min after tourniquet release (ATR).
Postischemic reperfusion injury was estimated by measure-
ment of concentration of malondialdehyde (MDA) in plasma
and erythrocytes as well as catalase (CAT) activity. Results.
Plasma MDA concentration in the group S was significantly
higher at 20 min ATR in comparison with the groups T and
R  (6.78 ± 0.33  µmolL-1-1  vs  4.07 ± 1.53  and  3.22 ± 0.9.
µmolL-1-1, respectively). There was a significant difference in
MDA concentration in erytrocythes between the groups S
and T after 5 min of reperfusion (5.88 ± 0.88 vs 4.27 ± 1.04
nmol/mlEr, p < 0.05). Although not statistically significant,
CAT activity was slightly increased as compared to baseline in
both groups S and R. In the group T, CAT activity decreased
at all time points when compared with baseline, but the ob-
served decrease was only statistically significant at BTR
(34.70 ± 9.27 vs 39.69 ± 12.91 UL-1, p < 0.05). Conclusion.
Continuous propofol infusion and regional anesthesia tech-
niques attenuate lipid peroxidation and IR injury connected
with tourniquet application in pediatric extremity surgery.
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Apstrakt
Uvod/Cilj. Reperfuzija prethodno ishemičnog tkiva dovodi do
oštećenja kojima posreduju reakivne kiseonične vrste. Cilj ove stu-
dije bio je da se ispitaju efekti različitih anestezioloških tehnika na
oksidativni stres izazvan ishemijsko-reperfuzionim (IR) povredama
nastalim usled primene poveske za vreme operacija ekstremiteta u
dečjem uzrastu. Metode. Studijom je bilo obuhvaćeno 45 bolesni-
ka uzrasta 8–17 godina koji su prema American Society of Anesthesiolo-
gists (ASA) klasifikaciji, a na osnovu opšteg zdravstvenog stanja
pripadali grupi I ili II, i koji su bili podvrgnutih ortopedskim pro-
cedurama koje su zahtevale privremenu hemostazu ekstremiteta.
Prema primenjenoj vrsti anestezije deca su randomiziranim uklju-
čivanjem bila podeljena u tri grupe po 15 bolesnika: opšta inhalaci-
ona anestezija sevofluranom (grupa S), totalna intravenska aneste-
zija propofolom (grupa T) i regionalna anestezija (grupa R). Uzorci
venske krvi uzimani su u četiri vremenska intervala: pre uvoda u
opštu anesteziju i pre izvođenja perifernih nervnih blokova (bazal-
na vrednost), 1 minut pre popuštanja poveske (BTR), 5 i 20 min.
posle popuštanja poveske (ATR). Postishemična reperfuziona po-
vreda procenjivana je merenjem koncentracije malondialdehida
(MDA) u plazmi i eritrocitima kao i određivanjem aktivnosti kata-
laze (CAT). Rezultati. Koncentracija MDA u plazmi grupe S bila
je značajno viša 20 min nakon popuštanja poveske, u poređenju sa
grupama T i R (6,78 ± 0,33µmolL-1 prema 4,07 ± 1,53 i 3,22 ± 0,9
µmolL-1). Značajna razlika u koncentraciji MDA u eritrocitima po-
stojala je između grupa S i T nakon 5 min. reperfuzije (5,88 ± 0,88
prema 4,27 ± 1,04 nmol/mlEr, p < 0,05). Iako nije postojala stati-
stički značajna razlika, uočen je trend porasta aktivnosti CAT u
odnosu na bazalne vrednosti unutar grupa S i R. U okviru grupe T,
uočeno je smanjenje aktivnosti CAT u svim vremenskim interva-
lima, u odnosu na bazalnu vrednost, pri čemu je uočena razlika bila
statistički značajna samo 1 minut BTR (34,70  ±  9,27 prema
39,69 ± 12,91  UL-1,  p < 0,05).  Zaključak. Kontinuirana infuzija
propofola i regionalna anestezija usporavaju proces lipidne perok-
sidacije i IR povrede povezane sa primenom poveske tokom hi-
rurgije ekstremiteta u dečjem uzrastu.
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Introduction
Pneumatic tourniquets are widely used in pediatric ex-
tremity surgery to provide a bloodless field and facilitate dis-
section. Tourniquet application causes metabolic changes
that depend on the tourniquet phase (inflation = ischemia, de-
flation = reperfusion), the time duration of tourniquet infla-
tion, and the anesthetic technique 
1. Studies have suggested
that reperfusion of ischemic tissue may promote potentially
harmful pathophysiological reactions 
2. One of these reac-
tions is increased production of free radicals. Free radicals
such as superoxide radical (O2
-·), hydroxyl radical (OH·) and
hydrogen peroxide (H202) are extremely reactive oxygen
species (ROS) that have no specific targets and can attack all
cellular components and initiate the lipid peroxidation proc-
ess. Malondialdehyde (MDA) is the end product of lipid per-
oxidation, and it can be used as a marker of free radical for-
mation. The first line defense mechanism includes antioxi-
dant enzymes such as superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GPx). These enzymes are
involved in the clearance of O2
-· and H2O2 to maintain the
structure and function of biological membranes.
The effects of anesthesia on ischemia-reperfusion (IR)
injury are of considerable scientific and clinical interest. Pro-
pofol, a highly lipid soluble anesthetic, possesses antioxidant
activity in vitro 
3–7 and in vivo 
8–11. This property makes it suit-
able to test for efficacy in clinical and experimental settings of
IR injury. Cardioprotection by volatile anesthetics is well es-
tablished to date 
12. Clinical studies are now warranted to de-
fine the role of volatile anesthetic preconditioning in non-
cardiac tissue which, if conclusive, would be of significant
relevance for reduction of perioperative ischemic organ dam-
age and its related morbidity and mortality 
13, 14. Some studies
reported less hemodynamic and metabolic changes related to
tourniquet application in patients undergoing regional anesthe-
sia compared with general anesthesia 
1. Furthermore, local an-
esthetics inhibit migration, enzyme release and superoxide
anion generation of polymorphonuclear leukocytes 
15. To our
knowledge, their effects on skeletal muscle ischaemia-
reperfusion injury in children have not been examined.
In adults various comorbid conditions could overlap
and contribute to oxidative stress, thus, studies conducted in
children may provide more accurate results and improve our
daily practice in a manner to find the best choice of anes-
thetics for our patient.
The aim of this study was to compare different anesthe-
sia techniques in regard to a possibility to decrease oxidative
stress caused by tourniquet-induced IR injury.
Methods
After obtaining the Ethical Committee approval (No.
01-1674, March 13 2008, according to the Article 37 of the
School of Medicine in the town of Niš Ethical Committee
Regulation) and written informed consent from the parents
we studied 45 patients ASA classes I or II, 8 to 17 years of
age, undergoing orthopedic procedures that required blood-
less limb surgery.
The children were randomized to the sevoflurane (n
= 15), propofol (n = 15) or peripheral nerve block (n = 15)
group. All the patients were premedicated with midazolam.
In the sevoflurane group (group S) general anesthesia was
induced with thiopental (5 mg/kg) with alfentanyl (25
mcg/kg) and maintained with inhalation of sevoflurane (3–4
vol %). In the propofol group (group T) anaesthesia was in-
duced with propofol followed by continuous infusion of pro-
pofol at the rate of 10 mg/kg/h, reducing to 8 and 6 mg/kg/h,
at a 10-minute interval. The maintenance dose was adjusted
to clinical signs and anticipated demand. Atracurium (0.6
mg/kg) was given to facilitate tracheal intubation in sevoflu-
rane and propofol group and the lungs were ventilated with
65% nitrogen in oxygen. Rescue analgesia was provided by
single bolus doses of alfentanyl (10 mcg/kg). In the regional
anesthesia group (group R), the patients received peripheral
nerve blocks using bupivacaine 0.25% (volume adjusted ac-
cording to type of block and patient’s weight). Peripheral
nerves were identified using a peripheral nerve stimulator.
During lower limb operations one arm was used for blood
sampling and the other for iv fluid infusions. During upper
limb operations contralateral arm was used for iv fluid and
propofol infusion and the dorsal vein of the foot was used for
blood sampling. The tourniquet was applied at a pressure ap-
proximately twice the systolic arterial pressure. No blood
transfusions were used; the fluid deficits were corrected with
Ringer lactate during the operation. Using heparin-locked iv
catheters, sequential venous blood samples were obtained at
four time points: before peripheral nerve block and induction
of general anesthesia (baseline), 1 min before tourniquet re-
lease (BTR), 5 and 20 min after tourniquet release (ATR).
Blood samples were centrifuged, plasma was carefully re-
moved and erythrocytes (Er) were washed three times in
physiological saline. The packed erythrocytes (0.4 mL) were
suspended in 1.6 mL phosphate buffer saline pH 7.4 (to ob-
tain 20% suspension of erythrocytes). The received plasma
and erythrocytes were stored at -20 °C until assayed. Post-
ischemic reperfusion injury was estimated by measurement
of plasma and erythrocytes MDA levels as well as plasma
CAT activity.
Concentration of MDA in plasma was determined by
modified thiobarbituric acid (TBA) method and products of
reaction were measured at 535 nm after adding FeSO4 
16. The
level of MDA was expressed as μmol/L.
Trichloroacetic acid (TCA) was added to 1 mL of sus-
pended packed erythrocytes, a mixture was centrifuged and 1
mL of the supernatant was transferred into another tube. Af-
ter the addition of disodium
 ethylene diamine tetra acetate
(NaEDTA) and TBA the tubes were mixed and kept in boil-
ing water for 15 min. After the tubes were cooled MDA
content of erythrocytes was estimated as thiobarbituric acid
reacting substances by spectrophotometric method at 532 nm
as described by Jain et al. 
17. The results were expressed as
nmol MDA/mL Er.
The activity of CAT in plasma was determined by
spectrophotometric method projected by colored complex
between H2O2 and ammonium molibdat 
18. The activity was
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The data were expressed as the mean ± SD. Differences
among the three groups were analyzed with the Kruskal-
Wallis test. Significant differences between two groups were
analyzed with the Mann Whitney U test. Changing patterns
of plasma MDA, Er MDA and CAT within group were
evaluated by the Friedman’s two-way ANOVA, paired sam-
ples Student's t test and nonparametric Wilcoxon signed rank
test. Differences were considered significant for p <  0.05,
using SPSS (Version 15).
Results
There were no significant differences among the groups
in age, weight and height (Table 1). There was also no sig-
nificant among-group difference in upper extremity (UEX)
and lower extremity (LEX) surgery distribution. There was
significantly longer tourniquet time in the group T compared
with the group R (65.00  ±  17.11 vs  46.00 ± 17.13  min,
p <  0.05). The patients’ baseline values of plasma MDA,
erythrocyte MDA and CAT activity were not statisticaly dif-
ferent among the groups. The concentrations of MDA in
plasma (Figure 1) increased significantly (p <  0.05) in the
group S at 20 min ATR (6.78 ± 0.33  µmolL
-1) compared
with the baseline value (3.49  ±  1.38 µmolL
-1), BTR
(3.09  ±  1.40 µmolL-1) and 5 min ATR value (3.79  ±  1.45
µmolL-1). The concentration of MDA in plasma in the group
S 20 min ATR was also significantly higher in comparison
with the groups T and R at the same time point (4.07 ± 1.53
and 3.22 ± 0.9 µmolL
-1, respectively). Within the group T a
significantly decreased level of plasma MDA was observed
5 min ATR (2.21 ± 1.10 vs 2.77 ± 1.02, p < 0.05). The con-
centration of MDA in erythrocyte (Figure 2) after 20 min of
reperfusion was significantly higher than concentration af-
ter 5 min of reperfusion in the group T (4.95  ±  1.39 vs
4.27  ±  1.04 nmol/mL Er), while 5 min ATR values
(5.88 ± 0.88 nmol/mL Er) in the group S were significantly
higher (p < 0.05)  than  baseline  (5.11 ± 1.53),  BTR
(5.02 ± 1.10), and 20 min ATR (4.98 ± 0.80) values. There
was a significant difference between the groups S and T
after 5 min of reperfusion (5.88  ±  0.88 vs  4.27 ± 1.04
nmol/mL Er, p < 0.05). There were no significant differ-
ences in the group R although a slight decrease in MDA
erythrocyte values was noted in all time points compared to
the baseline. Although no statistically significant, CAT ac-
tivity (Figure 3) was slightly increased compared to base-
line in both groups S and R (p > 0.05). In the group T, CAT
activity decreased at BTR and 5 and 20 min ATR when
compared with the baseline, but the observed decrease was
only statistically significant at BTR (34.70  ±  9.27 vs
39.69 ± 12.91 UL
-1, p < 0.05).
Table 1
Characteristics of the patients
Characteristics Group S Group T Group R p
Gender ratio (M/F) 10/5 14/1 8/7 0.01
*
UEX/LEX 9/6 12/3 9/6
Age (yr) 12.87 ± 2.77 11.80 ± 3.10 14.27 ± 2.25
Weight (kg) 49.20 ± 17.40 47.80 ± 19.81 50.47 ± 11.92
Height (cm) 153.07 ± 18.76 150.73 ± 19.19 158.80 ± 11.53
Tourniquet time (min) 56.00 ± 16.28 65.00 ± 17.11 46.00 ± 17.13 0.011
*
Data are expresed like mean±standard deviation or number of patient
Group S – sevoflurane group; Group T – propofol group; Group R – regional anestesia
group; UEX – upper extremities; LEX – lower lextremities
*Grup T vs Group R
Fig. – 1 Concentration of malondialdehyole (MDA) in
plasma (μmol/L
-1)
Group S – sevoflurane group; Group T – propofol group; Group R –
regional anestesia group; BTR – before tourniguet release; ATR – after
tournignet release
Fig. 2 – Concetration of malondialdehyole (MDA) in
erythrocytes (nmol/mlEr)
Group S – sevoflurane group; Group T – propofol group; Group R –
regional anestesia group; BTR – before tourniguet release; ATR – after
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Fig. 3 – Activity of catalase (CAT) in plasma (UL
-1)
Group S – sevoflurane group; Group T – propofol group; Group R – regional
anestesia group; BTR – before tourniguet release; ATR – after tournignet
release
Discussion
Prolonged ischemia with tourniquet inflation and sub-
sequent reperfusion causes lipid peroxidation resulting in tis-
sue injury. Although skeletal muscle is thought to be rela-
tively insensitive to the deleterious effects of ischemia and
subsequent reperfusion, injury can occur as a result of is-
chemia such as tourniquet application 
9, 19.
Liposoluble anaesthetic drug propofol (2,6-
diisopropylphenol) shares a similar structure with phenolic
antioxidants like the endogenous alpha-tocopherol (vitamin
E) which has been shown to protect cellular membranes
against lipid peroxidation processes induced by ROS 
20. A
commercial form of propofol (Recofol
®: propofol 10
mg/mL) is formulated in intralipid, lipid vehicle emulsion
(10% soya bean emulsion, egg phosphatides and glycerol).
Direct effects of propofol on ROS are unknown. As propofol
did not enter the cells, the drug would act by scavenging the
active oxygen species released in extracellular medium. In-
tralipids could also act directly on cell membranes, and in-
duce structure alterations leading to a decrease of ROS re-
lease in the extracellular medium 
5. Numerous experimental
studies suggest that volatile anesthetics may protect beyond
the heart various tissues and organs subjected to ischemic in-
sult 
13. A mechanism by which potent inhalation anesthetics
may inhibit free radicals is not known but may involve re-
ducing intracellular calcium concentrations and enhancing
availability of interstitial glycolysis metabolites (glucose,
lactate and pyruvate) in the skeletal muscle during ischemia
and reperfusion 
21. A difficulty in studying the effects of an-
esthetic agents, specifically in vivo, is a frequent lack of
comparison with a non-anaesthetized control group, as many
studies have been conducted using an acutely instrumented
model requiring at least basal anaesthesia 
2. Although iv mi-
dazolam, given as a premedication agent to all patients,
seems to be an advantageous sedative with amnesic effect, it
has been reported as having no effect on ROS production 
22.
The use of alfentanyl can contribute to a decrease in the sur-
gical stress factor, as opioids minimize intraoperative he-
modinamic changes 
23, but there are some limited reports of
its antioxidative activity 
24. Other drugs utilized in our study,
a muscle relaxant, as well as atropine and neostigmine, did
not exert any antioxidant activity in vitro 
25. Regional anes-
thesia cases (group R) were included in our study for two
reasons: to investigate the effects of regional anesthesia on
ROS formation and to use this group as a control one for the
groups S and T. The pattern of ROS formation from surgical
stress is different from that of reperfusion injury. Release of
a tourniquet causes an abruptly massive production of ROS
and starts oxidative damage 
11.
In our study, concentration of MDA in plasma de-
creased nonsignificantly in the groups S and R before reper-
fusion (BTR) compared to the baseline, which might had
been the result of the effects of sedation from releasing the
stress in the operating room (group R) and from the effect of
volatile anesthetic (group S). Allaouchiche et al. 
10 reported
that sevoflurane did not induce a chemical reaction sequence
leading to the generation of oxygen free radicals in their
study. It was shown also that maintenance of general anes-
thesia with clinically relevant concentrations of nitrous oxide
or volatile anesthetic was not associated with an increase in
toxic oxygen metabolites. The pre-reperfusion (BTR) plasma
concentration of MDA in the group T seems to be influenced
by the tourniquet time which was significantly longer in this
group compared to the group R. In the same group T we ob-
served the most prominent decrease in plasma MDA levels 5
min ATR. This reduction may be explained by the fact that
tissues below the tourniquet were saturated with propofol.
Concentration of MDA in plasma in the group S 20 min
ATR was significantly higher in comparison with the groups
T and R at the same time point. Kotani et al. 
26 found that
sevoflurane induced an inflammatory response, whereas the
changes in expression of proinflammatory cytokines occured
during exposure to sevoflurane. Turan et al. 
27 observed
similar changes in MDA concentration among general, total
intravenous and regional anesthesia groups in their study.
This may be due to effects of both propofol to reduce oxida-
tive stress as free radical scavenger and regional anesthesia
which reduce the stress-inducing hormones, such as adrena-
line, noradrenaline and cortisol 
28–30. Moreover, Erturk et al. 
31
concluded that even low-dose infusion of propofol (2
mg/kg/h after a 0.2 mg/kg bolus) offered protection from
tourniquet-induced IR injury in arthroscopic knee surgery
under spinal anesthesia. These findings were not confirmed
in pateints submitted to elective nonischaemia-nonreperfu-
sion surgery 
23.
Concentration of MDA in erytrocytes after 20 min of re-
perfusion was significantly higher than concentration after 5
min of reperfusion in the group T. This increase is in accor-
dance with Cheng et al. 
11 study in which the highest ROS
production measured by chemiluminescence happened at 20
min after reperfusion. On the contrary, 5 min ATR values in
the group S were significantly higher (p < 0.05) than baseline
and 20 min ATR values possibly as a result of sudden oxida-
tive burst after tourniquet release caused by high oxygen con-
centration in inhaled gas mixture (35%). A significant differ-
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min of reperfusion seems to be in line with this figure reported
earlier in the literature that propofol protect erythrocytes
against oxidative stress 
3. There were no significant differences
within the group R although slight decrease in MDA erythro-
cyte values was noted at all time points compared to baseline,
possibly as a result of bupivacaine property to inhibit surface
receptor expression, phagocytosis, and oxidative burst in a
time- and concentration-dependent manner 
15.
A role of CAT in oxidative stress adaptation is incom-
pletely understood as compared to small molecular weight
antioxidants. Literature data concerning the activities of en-
zymatic antioxidants in IR patients are contradictory 
32, 33.
This could be explained by adaptation specificity, depending
on tissue type, which, probably, is linked with the tissue
metabolism character and function. It is also possible that
changes in CAT activity are a consequence of apparent post-
translational modification of the enzyme. CAT is an enzyme
exerting a dual function; it catalyzes decomposition of hy-
drogen peroxide (H2O2) to produce water and oxygen (cata-
lytic activity) or oxidation of H donors (peroxidatic activity)
and under normal circumstances their ratio is 30 : 70. An-
other mechanism of the enzyme specific activity alterations
following exposure to oxidative stress might be a change of
the ratio of these two reactions 
34. Al-Abrash et al. 
35 found
an increase in catalase activity in all studied patients suffer-
ing from oxidative stress (cardiovascular diseases, diabetes,
tumor, inflammation, dermatological diseases, anemia and
Wilson's disease). In our study, CAT activity 20 min ATR
was increased compared to the baseline in the groups S and
R, and decreased in the group T. These alterations were out
statistically significant. The only statistically significant de-
crease was observed 1 min before the reperfusion in the
group T compared with the baseline value. Moreover, this
reduction in CAT activity was accompanied by a concomi-
tant increase of MDA production. Turan et al. 
27 observed
significantly lower CAT activity 5 and 20 min ATR in pa-
tients receiving general anesthesia maintained with halothane
and supposed that this effect was related with increased H202
production. On the contrary, increased plasma CAT activity
was noted after reperfusion in experimental model of skeletal
muscle IR injuries conducted by Bosco et al. 
36 and un-
changed CAT activity was found in rats anesthetized with
either thiopental, etomidate, ketamine or propofol given in an
anesthetic dose 
37.
Conclusion
This study demonstrates that total intravenous anesthe-
sia with propofol and regional anesthesia techniques provide
better antioxidant defense than general inhalational anesthe-
sia with sevoflurane against IR injury related to tourniquet
application in pediatric extremity surgery.
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